.4 pmol/mg of cell protein.
. There is considerable evidence that the monosialoganglioside, galactosyl-N-acetylgalactosaminyl -[N -acetylneuraminyl] -galactosylglucosylceramide (GM,), is the receptor for choleragen (2) (3) (4) (5) (6) (7) (8) . A good correlation has been noted between cellular GM1 content and responsiveness to toxin in transformed mouse cells (5) and in intestinal cells from several species (8) . In addition, incubation of fat cells with GM1 increases their responsiveness to toxin (4) . It (13) . Gangliosides, eluted with the same solvent mixture, were separated by thin-layer chromatography, and radioactivity was detected by radioscanning (14) . The ganglioside composition of organic phases from chloroform:methanol extracts was determined using the same procedures.
[3H]GM, was recovered from the cells essentially as described above except the entire chloroform: methanol extract was desalted and analyzed by thin-layer chromatography.
[3H]GM, was prepared essentially as described by Suzuki and Suzuki (15) . Unlabeled Table 1 ) was observed when only 17,000 molecules of GMI per cell had been bound.
As the cell content of GM1 was increased, the rate of rise of intracellular cyclic AMP in response to choleragen (1 ,ug/ml) was also increased (Fig. 3) . With cells containing >1 X 105 molecules of GM1 per cell, decreasing the choleragen concentration increased the time between the choleragen addition and cyclic AMP accumulation (Fig. 4) . When the period of incubation with choleragen was extended to 8 (Table 3) . Neither NAD nor choleragen alone increased adenylate cyclase in NCTC 2071 cell homogenates. As shown in Table 4 , the activity of adenylate cyclase assayed in homogenates was not altered by incubation of the cells with GM1. In cells incubated with GM1 for 18 hr and then, after washing, with choleragen for 3 hr, adenylate cyclase activity was markedly increased. In contrast, incubation of homogenates with choleragen plus 0.6 mM NAD produced an identical activation of adenylate cyclase whether or not the cells had been previously incubated with GM1. Thus, GM1 was apparently required for activation of adenylate cyclase by choleragen only when the cells were intact. Activation of adenylate cyclase by choleragen in homogenates was never as great as that produced by incubation of cells under optimal conditions with the toxin. This could be due to the lability of the cyclase system from control cells and/or to the fact that the experimental conditions were not optimal for choleragen activation in homogenates. DISCUSSION Although it has been suggested that GM1 is the cell surface receptor for choleragen (2) (3) (4) (5) (6) (7) (8) , the relationship between cellular GM1 content and choleragen-stimulated cyclic AMP accumulation has not been evaluated quantitatively. We demonstrate here that cells unresponsive to choleragen, as measured by accumulation of cyclic AMP, become choleragensensitive after uptake of exogenous GM1. We have quantified this effect in terms of the cellular GM1 content and the concentration of choleragen. Cells that had bound an average of 17,000 molecules of [3H]GMl showed a significant accumu- Thus, choleragen responsiveness is a more sensitive indicator of the presence of low levels of GM1 than are conventional methods. Cells containing about 100,000 molecules of [3H]GM1 exhibited a maximal response to choleragen. As cell GM1 content was increased, the rate of cyclic AMP accumulation after addition of choleragen increased. When cells containing GM1 were exposed to decreasing concentrations of choleragen, more time was required for cyclic AMP levels to rise. Thus the time between the addition of choleragen and the maximal accumulation of cyclic AMP was dependent on both the concentration of GM1 in the cells and the concentration of choleragen in the medium. The demonstration of the above mentioned time-dependent effects is of potential importance for delineating the mechanism of choleragen binding and activation of adenylate cyclase. Cuatrecasas and coworkers have proposed that the delay in adenylate cyclase activation subsequent to choleragen binding is due to a requirement for multivalent linking of the toxin molecule to several GM1 molecules, destabilization of the toxin complex, and release of the hydrophobic A subunit which then immediately activates adenylate cyclase (19, 20) . § Gill and King (22) have suggested that the lag represents the time required for the A subunit to traverse the membrane, become activated (via NAD and/or other cellular factors), and then activate adenylate cyclase. Our results are compatible with both of these models.
Although choleragen-stimulated cyclic AMP accumulation was not demonstrable in the intact GMl-deficient cells, adenylate cyclase in homogenates of these cells was activated by choleragen in the presence of NAD. Furthermore, in contrast to the choleragen effect on the intact cells, which requires GM1, choleragen activation of adenylate cyclase in homogenates was not enhanced by incubation of the cells with GM1 before homogenization. Our results clearly indicate that GM1 functions in the initial binding of choleragen to the surface of the intact cell and that, when the toxin can gain access to the adenylate cyclase without the necessity of traversing the intact cell membrane, activation of the enzyme does not require interaction of choleragen with the GM1 receptor.
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